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Dependence of Poisson's ratio on porosity in alumina ceramics
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( crainic.s are very useful materials for thermo-mechanical 
applications due to their temperature resistance, hardness, high 
porosity, high wear and corrosion 11-5|. The porosity of these 
materials affects significantly their elastic moduli such as Young's 
modulus, shear modulus and bulk modulus. The Poisson's ratio 
|(T) piovides an important and useful link between different 
clastic moduli (6,7].

In previous studies |8-10], it has been assumed that <7 
icmains constant for a material with different porosities. If the 
porosity level does not influence the Poisson’s ratio, the 
variations of longitudinal wave velocity {Vj ) and transverse 
wave velocity (Vy.) with the change in porosity would appear to 

similar. However, this is not observed experimentally in case 
ol sintered alumina. Asmani ct ri/ [ 11J have recently measured 
Vj and V.y versus porosity using reflection method based on 
pulse-echo techniques. The experimental data reveal that 
‘̂ nd V^btnh decrease with increasing values of porosity showing 
aslope twice as big for the longitudinal wave [Figure 1 of Rel.

In fact, ultrasonic velocity through solids depends on 
'^fermolecular and intramolecular interaction potential which 
depends on porosity in case o f ceram ic materials. The 
dependence of on this potential is different than that for Vj.

Asmani c i  al \ \ \  \ have also lound that BiK'caccini model [9| is 
inadequate as it considers the similar dependences of Vj and 
on porosity. On the other hand, the Phani's model [12,13| as 
further developed by Asmani r t  aL  is more appropriate as it 
considers pi^wer dependence of Vj and on porosity with 
different values of exponents. However, the expression for the 
Poisson's ratio used by Asmani c7 al suffers from an inadvertent 
enor. We show in the present study that this error is responsible 
for the discrepancies between the calculated and experimental 
results. We obtain new formulation for the porosity dependence 
of the Poisson's ratio using the Phani's model.

I’he Poisson's ratio a  is determined from the measured 
values ofVj and Py using the following relation :

2 v r - v ,:
2 { v f - v r ) (1)

The expression for <T used by Asmani etal is different from that 

given by eq. (1). In the numerator, they have used {2Vf -  

in place of (2 Vj? “  ^/") • According to Phani's model 112,14], the 
ultrasonic wave velocity V depends on porosity P as follows
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where is the velocity in the pore-free material (P = 0) and M is 
a constant depending on the material. By considering different 
behaviour fur longitudinal and transverse waves, Asmani ei al 
have proposed the following relation :

VL = V , J ] ~ P f (3)

and

v'/ = v,.ji -  p y  (4)
with ni ^ /I, and arc wave velocities for the pore-free

material. Now, expanding the expressions for v l  and V-f obtained 
from cqs. (3) and (4) and retaining upto the quadratic terms m 
porosity P, we get

and

~ /̂~o \} “ ^  1 )P“ j

V'f = [l - 2np + n{2n -  1)P‘ ].

(5)

(6)

^Substituting the values of and Vf from eqs. (5) and (6) in
(1), we obtain the following expression for the Poisson's ratio :

-  <7()[1 + AP + BP-j^\ + aP + hP■ r

with

B

a =

2mVj-„ - 4/1

2Vf„-VCo

2„(2n-l)V fa-m (2m -l)V lf ,

2VA

vA -vr.0

and

«(2/f -  DV/o -  w(2//» -

Vt-o -V,-o

2Vfo ~

(7)

(8)

(9)

(10)

(11)

2(v^A-V^/'o)‘
(12)

where cr„ is the value of Poisson's ratio of the pore-free material. 
Now, expanding the last term in eq. (7) and retaining the terms 
upto the order P^, we get

(T = (Tq Jl + F{m,n)P + G{m, n) (13)

where,

F{m,n) = { A - a )  =
2(n-m)V;-oVla

( 2 V y o - V ^ o ) K - V l o )

G{m,n) - [ ( B ~ b ) - a { A -a ) ]

[̂ (1 4 2n “  2m) -  (1 ~ 2n 4- 2m) Vfx)\

2(V ^0-V /^)
(|5i

We make use of eqs. (13-15) for estimating the values o| ci 
in sintered alumina at different values of porosity P. The mpui 
data used are same as those given by Asmani et al (11J. Tin̂  ̂
we take = 10904 m/s, = 6399m/s, ///=1.17 and n -  1 i)]

The value of <7 =  at P =  0 turns out to be 0.2373 from cq

(12) . The results thus obtained in the present study usinj? eq
(13) are shown in Figure 1 alongwith the experimental value-' 
and also with the results calculated by Asmani etal. The resulix 
obtained in the present study using cqs. (13-15), agree iilmusi 
completely with the experimental values for the entire ranpc nl 
porosity levels. On the other hand, the results obtained b\ 
Asmani <?/«/deviate significantly from the experimental vdluc , 
particularly, at higher values of porosity (porosity values greater 
than twelve percent).
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F i g u r e  1 . D e p e n d e n c e  o f  P o i s s o n 's  r a t i o  o n  p o r o s i ty

It should be mentioned that the expressions for P(//i. n) ;md 
G(m, n) obtained in the present study eqs. (14 and 15) arc diffeivni 
from the corresponding expressions reported by Asmani et ul 
In the present case, F(m, n) = G(ni,n) = 0 for m = /i, / c. the 
Poisson’s ratio docs not depend on porosity when and I ; 
depend on porosity in an identical manner. However, thî * 
condition is not satisfied by the formulation developed hy 
Asmani et al. For m = n, F{m,n) = 0, but G(m,n) = 4 in their 
analysis. Thus, even in the case of m = /i, the Poisson's ratio 

depends on the porosity through second order in porosity (P 
term) in the model used by Asmani et al. In the present study, 
the equation for the porosity dependence of Poisson's ratio 
takes the following particular form in case of sintered alumina 
when the numerical values are used for F (m,n) and G (nirit) 
eq.(13),
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= [1- 0.473 P -0 .372  P*], (16)

pq, (16) should be compared with the corresponding expre.ssions 
obtained by A.smani et al which is given below

fT = (T o [ l-0 0 7 P -6 .1 6 P -]. (17)

It may be noted that eq. (16) used in the present study, is 
convergent even for the highest value of porosity {P=Q25) 
considered here. On the other hand, eq. (17) is divergent, i.c. the 
last term (P‘ term) dominates in the expression. The quadratic 
term m porosity taken by Asmani et al, is not adequate which is 
also evident from the results given in Figure 1. We have thus, 
demonstrated the adequacy of Phani's model in describing the 
variation of Poisson's ratio with porosity.
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